
N .2

0 IW

I~00 
060 0 '.-(

.00 )OQ
so

0 g..0-. 1-(
0 *

0 0 

0 ~ s 0-.9

0 @0 0

go* 0- 4

00

04 D
00000

H6o

U00 a

H a 0 1
0) 0 0

0 *0

00.0
5.40 .- .2 .*

<'4 -~*0*cc
Wgo..D

gO U



AFCRL.70.0 006
JAN4UARY 1970
INSTRUMENTATION PAPERS, NO. 163

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
L. G. H .N aW FIELD, BEDFORD, I.ASSACH,SET7S

Weather Tracking With the AFCRL

Experite"ta! 3-D Radar

W. G. MAVROIDES

""* . ID 4r fZ. -

OFFICE OF AEROSPACE RESEARCH
United States Air Force



AF CRL-70-0 006
JANUARY 1970
iNSTRUMENTATION PAPERS, NO. 163

MICROWAVE PHYSICS LABORATORY PROJECT 56j5

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES
L. G. HANSCOM FIELD, BEDFORD, MASSACHUSETTS

Weather Tracking With the AFCRL
Experimental 3-D Radar

W. G. MAVROIDES

Th doc 'ument h.s bee--n -pp.ovsd f.or ublic

rees nd sole; it dtibutoni uiitd,

OFFICE OF AEROSPACE RESEARCH
United States Air Force



Abstract

Experimental work using the AFCRL 3-D Radar, based on the Phase-in-Space

principle, as a weather radar, is presented. Snow and rain storms are tracked and

documented by photographs taken from a conventional Plan-Position-Indicator dis-

pby scope (PPI) and compared with the presentations from the AFCRL 3-P Radar

R.mge -Height Indicator scope (RHI). In addition, the sensitivity and response of

the Phase-In-Space pi inciple is clearly depicted with the detection of cloud areas

and separation of cloud layers cf different densities. Also, evidence is presented

showing the superiority of the RI presentations in differentiating targets in the

midst of storms over the eeo,ventional PPI display.

ii.
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Weather Tracking With the AFCRL Experimental 3-D Radar

Generally, in diesigning a ralAr set or' system, certain requirementq are set

forth which are determined by the particular application that dictated the need for

the radar. However, in somie cases, as in research, a new princ.z'le wvy evolve

that londs itself to a mlultitude of applications, and thle direction k< involvement is

determlined by the priority of project s at hand. Such is the case of the Phase-in -

Space principle first delineated by Sletten in 1956 (Sletten 196A 3)

Briefly, thle A ECIII. Tri-Coordinate Hlaar utilizes tHie 11hase -in -Space charic -

teristi(' of the antenna patten to extriact elevation angvle, thus adding a third co -

ordinlate to a large vol on e ixapi i scanning s stemn.

Employing this pinc iple enables t ('onventiOnal radar to obtain accurate height

information Lan with the normal az inwth - ange data usually available by changing

tao antenna and adig an extra receiver and p~hase -conpar& son circuitr;,.

In addition t, detecting anud pinpointing air and ground! target%, the Phase -in.-

Space function of the antenna nhows good response to distributed incoherent ta.rgets,

such as hydrometeors. and readily separates weak cloud echoes from ground or

sea reflectlona.

(Received for publication 8 December 1969)



72 Results and description of the radar as a height-finder have been published

(Mavroides et al.. 1966, Wingrove 1964). This paper deals priniarily with radar

used in weather identification and tracking.

2. Gf;NEHA DiIESC:RIPION

2. 1 XiilI-mm ' 1-

Early work at AFCRL (Slotten, C. J. et al. 195:3, 1958) on beam shaping. with

line source feeds showed the feasibility of using line sourres in parabolic reflectors
2 o. hrwr eeldtemd ml ousn,to obtain csc 0 coverage out to 60 ., Ohrwkrveldtewe uIl ouin

p: Op rzies of torus rfire00 to, (Max'ioid(s elal. 1958), F rom I Tudl%(i

these results, ain antenna systemn was derived con sistirig of ai parabolic tomi,4 ind a

curvod line source feed, The reflec-, (fig~ure 1) beinEg spherica, l in the verticail

plane and parabolic in- th-a horizontal plane is I1 feet high and 1 6 feet wide.

AircIT% ~u~i 1
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The feed. placed siightly less than halfway between the reflector and the radius

of cur.,ature, is 4 feet long and has a radius of curvature of 5.5 feet. Two feeds

were made for the system, one consisting of longitudinal shunt slots for horizontal

polarization, the other with dipoles for vertical polarization. The beamwidth Is 1.3'

in the azimuth plane and has a 300 csc2 0 shaped beam in elevation. The amplitude

and phase function of the antenna pattern in space is controlled primarily by the

field distribution. Thus, there is a direct correspondence between the complex

antenna pattern in space and the amplitude and phase function a t the primary feed.
Returns from targets intercepted by the radar beam at different angles have a defi-

nite phase relationship between them. By measuring this phase in the antenna pat-

tern and by comparing it with a reference phase, an additional angular coordinate

is derived to determine the elevation angle and compute the height of the desired

target.

2.2 MI-lar D,--ription

Since a complete explanation of the AFCRL 3-D Radar is given elsewhere

(Sletten 156. Mavroides et al. 1966, Wingrove 1964), only a brief description of the

s -stem is given here.

A general explanation of how the radar extracts height information from a
single feed, single antenna system can be made by referring to figure 2.

DuAt OmH L
mOTAm.T joaqf

--. .. . .. ----- -IlTEi -J

* -- T I ( 0UAL
*30 k,. OWPUi a-wo

Figure E 2. -ldoc.k DaA St DLetAaiso DATA

.k" 3?f*-3 -7
LS KoOl

-" C - I J ;
0. 3OW %PT- M

Figure 2. Mlock Diagram Showing Details of 3-D Radar
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On transmit, a signal is fed to the traveling-waxe array through duplexer D I

and the high power channel of the rotary joint and propagates from the dipoles to

form a search pattern. On receive, the energy from the t-rget enters the feed at

some point related to the angle of the target. The target return splits at this point,

a portion traveling through TI to channel 1 of the receiver system, and the rest

through T 2 to channel 2. Here the signa.ls from the two terminals are converted to

30 mHz/sec and proceed to the receivers. Each receiver channel separates into

two branches, one a conventional search ra-lar receiver, the -ther a special phase

detector receiver for extracting height information.

Signals from tP'e search radar receiver are detected and -lisplayed on a normal

Plan -Position -Indicatoi 'PPI) yielding azimuth-range information. At the same

time, the signals from both ends of the feed are phase compared in the phase detec-

tor receiver. The output signal is proportional to the sih. of the elevation angle

(0) of the target and is displayed on the Range-Height-Indicator (RHI) (A scope).

The product of the sin 0 aid range voltages give - !-eight voltage which is converted

to feet. A fractional "oltage is added to correct for t}w., earth's curvature.

Several flight tests have been completed using the radar system as a height-

finder. Test results (Llavroides et al. 1966) obtained show good relative height

information with absolute heigt,: accuracy reduced by interference from energy re-

flected at grazing incidences from the ocean. The tests were madE using a .2-130

aircraft with the main route of track being between the tip of Cape Ann,

Massachusetts and the Isles ( Shoals.

During these tests, it was noticed that t- Phase-in-Space function of the

antenna pattern was also sensitive to distributed incoherent targets, such as hydro-

meteors, and readily distinguished weak cloud echoes from ground or sea refiec-

tions. This led to further investigations using the system as a weather radar.

2. Ae l,,r ladar Tf-t,

Although rain echo is the sum of the refle-.tions from a large number of drops

spread out over a volume of -pace, enough retur'n is present to obliteratc a target

on the conventional PPI scope. At the same time. however, it was possible to

distinguish targets in rain on the 111I scopr.

Figure 3 shows a typical target return as presented on the RHI scope. The

white line across the top of the scope is the elevation cursor. When the cursor is

aligied with the target by turning the elevation handwheel, a voltage proportional

to the sine of the angle of the target is generated. This voltage, along with the

rzarge voltage generated hy the strobe from the PPI scone, computes the height of

t target.

Essentially, the ('enter portion of the 111l scope presents random noist,

(phase of the receiver input noise) while above and below the noise area the screen
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Figure 3. Typical Target
Return on Range-Height-
Indicator (RIH) Scope

is nrimrily blank except for the indication of the target. Fig-ure 4 shows a portion

of andom noise output area of Tll*, RHI scope magnified with no target return.

LI., tollowing photographs of the RIM scope shows onl> a portion of the display

tube magnified unless othervise noted.

On January 6, 1966 a storm area was

detected at a range of 42.5 miles at an azi-

muth hearina of 0 - 156 0 = 00 was ap-

tproxinmately due north from our site. The

picture record of the storm began at 10:21

A.M. Note on Figure 5 that the random noise

area is spreading in the vertical, The return

simA! is filling in to the bottom of the scope.

This is mor-e evident in Figure 6 taken 8

minutes later when the storm ,pparently in-

tensified. The increase in the intensity of

the return testifies to this. In Figure 7

(10:40 A.M.) we sce the normal PPI presen-

intion of the azimuth sector (0) between

161" - 2000 and a range between 10-42 miles.

The white line across the center of the photo

is the azimuth cursor of the PP1 scope while Figure 4. Random Noise

the white dot is the range strobe that is set on RHI Scope Magnified

on the target or target area desired to be

displayed on the 13111 scope. The range volt-

age used with the sine voltage to calculate
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Figure .5. Random Noise3
with Rain -10: 21 :A.

Figure 6. Intense Rain4
E~ight Minutes Later

Figure 7. PPI Presentation
of Rain Area 10:40 A.M.
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the height of the target is generated here. Figure 8 shows a ground target out in
the s rm area at 11:00 A,M. (0 1050, Range = 12 mi.) as displayed by the

height indicator.

Since the storm ar a, south

to southwest of us, was heading

through our direction toward the

Isles of Shoals, it was decided

to photograph the Isles of Shoals

(figure 9) before the storm and

then follow the progress of the

storm as it approached the

island area. The cursor (white

ine at the bottom of the picture'
denotes zero elevation. Note the

random noise area stops about

the middle of the picture while

the ground targets reach clear

to the bottom. The PPI scope
Figure 8. Groined T --get
in Rain - 11:00 A.M. picture of the area (figure 0)

shows the Isles of Shoals (3 dots

circled in white) with the range

strobe (white dot with black cir-
cle around it) at the edge of the storm (0 350, Range = 12 mi.). The area at the
12 mi. range at the edge of the rtorm (figure 10) is displayed in figure 11 (11;15

A.M.) on the RI- scope. This clearly shows the rain approaching the area. Again,

the height cursor (white line) is set at ;:ero elevation indicating the rain touching
the ground, while to the right (increase in range), we see the ,andom noise barely

affected, revealing that little or no rain is present.
At 11:30 A.M. some precipitation is occurring in the Isles of Shoal area

(figure 12a). We note that the radar return is filling in the region between the first

two islands, with gradual return between the second and third island. No precipi-
tation is noticeable beyond this region. By 11:42 the areas (figure 12b) between

the islands are completely filled in by the radar return indicating that the storm
has spread and increased in intensity. Still it is interesting to note that beyond the

last island, the weather looks moderate in intensity. Six minutes later (figure 12c)
we see the entire region engulfed in heavy rain. Note, however, that all targets

are still clearly visible on the RHI scope, while in the PPI display (figure 13), the
islands are completely wiped out by the return from the rain storm.



Figure 9. Isles of Shoals
RI-i Presentation

Figure 10. Isles of Shoals
PPI Presentation

Figure 1t. Pill Presentation
of Edge of Storm Area
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Figure 12a. Rain Approaching
Isles of Shoals -11:30 A.M.
(RHI)

Figure 12b. Rain Approaching
Isles of Shoals -11:42 A.M.
(RifI)

Figure 12c. Intense Rain,
Isles of Shoals (RHI)
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On Febru-try 4, 1966 we had

occasion to witness a snow storm

over the Boston area beyond the

Prudential Building. In figure 14,

the PPI strobe (white dot) is set

on the area of snow; the largest

target below and just to the right
is the Prudential Building. This

same Lrea is displayed in the R-H

scope (figure 15) with a ground

target (Prudential Building) on

the left. Later, photographs were

Figure 13. PPI Pre-entation taken of the Isles of Shoals

of Isles of ShoalF Engulfed in (figure 1fl)(PlI Display) showing
Rain Clutter the ar'proaching snowstorm.

I .. 'o 17 14 tie I II display of

le Islandi; otigiulfed in snow.

Another interesting aspect of

the AFCRL 3-D Radar is its

response to clouds as well as to

precipitation areas. Figure 18

shows a sector of ,he RHI scope

displaying returns from clouds.

The cursor indicates the eleva-

tion. Apparently, there are

several cloud banks. Note the

return of the targets on the right

is less denbe and spread over a

greater area than the target on

the left. This leads us t, believe

that cloud layers of different Figure 14. PPI Presentationof Snow Area
densities are present, Compared

with the radar return from an

airplane (figure 19), we note the

more solid the target, the more intense and sharper the return that is displayed.

Figure 20 presents an overall view of the R1I d-iplay screen showing a high flying

target over terrain.



wit11

Figure 15. RHI Presentation
J of Snow Area

Figure if). P131 Display of
Snow Storm Approaching
Isles of Shoals

Figure 17. RH! Display of
Isles of Shoals E~ngulfed in
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Figure 18. RI Display
of Several Cloud Banks

Figure 1). R111 Display
of Airplane T:,i4 ct

.Figure 20. RHI Displky of
Over-All View of ligjh
Flying Airpline O'er
Ground 'rarkets
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3. SUMMARY

The AFCRL 3-D, 10 cm, Radar System indicates the height and range of targets

instantaneously. In addition, the system is capable of detecting the height of cloud

layers, the presence of precipitation, and is able to display targets in the midst of

storms that may be obliterated by conventional radars.

The system is simple in design, employing a, single antenna structure and feed

to provide instant precision target location and wide angular coverage. These

qualities make the system amenable to a variety of applications, such as mobile

height finding, air traffic control, and the detection of weather and clouds.
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